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(54) ZOOM LENS AND VIDEO CAMERA USING THE SAME 

(57)Abstract: 

PURPOSE: To increase the zooming ratioviewing angle and aperture ratio in 
spite of being a small lens by specifying the refractive power of each lens group 
so as to satisfy a specified conditional expression. 

CONSTITUTION: This zoom lens is providedin order from the object sidewith a 
first lens group G1 having positive refractive power and fixed to a reference 
image positiona second lens group G2 having negative refractive power and 
power varying action by moving on the optical axisan aperture diaphragma third 
lens group G3 fixed to a reference image position and having light converging 
action and positive refractive powerand a fourth lens group G4 moving on the 
optical axis so that an image plane fluctuated by the movement of the second 



lens group G2 and the object is held at a fixed position from the reference image 
position and having positive refractive power. By representing the focal distance 
of ith lens group by fi (i=1 to 4)the distance from the final surface of a lens to the 
image plane when the image space is filled with air by BF and the focal distances 
of the third lens group G3 for d linec line and F line of spectrum by f3df3c and 
f3Frespectivelythe expressions are satisfied. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st lens group that had positive refracting power and was fixed from 
the object side to an image surface position of a standard in orderThe 2nd lens 
group that has a variable power operation by moving with negative refracting 
power in an optic-axis topAn aperture diaphragmthe 3rd lens group with positive 
refracting power which is fixed to an image surface position of a standard and 
has a condensing operationThe 4th lens group with positive refracting power 
which moves in an optic-axis top so that a fixed position may be maintained for 
the image surface changed by movement of said 2nd lens group and movement 
of an object from an image surface position of a standard is providedWhen fi (i= 
1234) is made into a focal distance of distance from a lens final surface in case 
image space is air about a focal distance of said i-th lens groupand BF to the 
image surfacef3df3Cand the 3rd lens group [ in / respectively / for f3F / d lineC 
lineand an F line of a spectrum ][Equation 1] 

1 



the zoom lens which carries out each satisfaction. 

[Claim 2]The zoom lens according to claim 1 with which said 3rd lens group 



comprised a single lens whose 1st [ at least ] page is an aspheric surface using 
high distribution glass whose Abbe number is smaller than 35. 
[Claim 3]The zoom lens according to claim 1 whose at least 1st of each fields of 
these two lenses it is constituted by two lenses which comprise a convex lens 
characterized by comprising the following using glassand is an aspheric surface. 
Said 3rd lens group is a concave lens. 
It is an Abbe number smaller than this concave lens relatively. 
> 

[Claim 4]The zoom lens according to claim 2 or 3 with which said 2nd lens group 
and said 4th lens group have a page [ 1st / at least ] aspheric surface 
respectively. 

[Claim 5]A video camera comprising: 

A zoom lens indicated from Claim 1 to either of 4. 

A color separation optical system. 

An image sensor. 

A signal processing parta signal recording partand an image display. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]The zoom ratio of this invention is largeand the back focus 
used for 3 board type video camera etc. is related with a zoom lens with the long 
characteristic. 
[0002] 

[Description of the Prior Art]Wide-field-angle-izing and high magnification-ization 
of the zoom ratio are demanded of after small size and the formation of a large 
caliber ratio also from the zoom lens with much more miniaturization of a video 



cameraand high-definition-izing. The composition of the zoom lens shown in 
Tokuganhei6-1 38631 is shown in drawing 22 for example as an example which 
achieved the miniaturization of the zoom lens for 3 board type video cameras 
advantageous to high-definition-izingand highly efficient-ization. 
[0003]As shown in drawing 22 the conventional zoom lensThe glass plate 26 
grade equivalent to light path lengthsuch as the 1st lens group 21 the 2nd lens 
group 22the 3rd lens group 23the 4th lens group 24the glass plate 25 equivalent 
to the light path length of a color separation optical systema crystal filterand a 
faceplate of an image sensoris provided. 27 is the image surface. The 1st lens 
group 21 is a fixed lens group which has positive refracting power and has an 
image formation operation. The 2nd lens group 22 has negative refracting 
powerand is movable in an optic-axis top. The 3rd lens group 23 is a fixed lens 
group which comprises an aspheric surface lens with positive refracting power. 
The 4th lens group 24 is a lens group with positive refracting power including an 
aspheric surfaceand is movable in an optic-axis top. 

[0004]Nextoperation of the conventional zoom lens for video cameras constituted 
as mentioned above is explained. The 1st lens group 21 has an image formation 
operation. By moving in an optic-axis topthe 2nd lens group 22 changes the relay 
magnification of the image which the 1st lens group formsand performs variable 
power. The 3rd lens group 23 has the operation which relays the virtual image 
produced by the 2nd lens group 22. By having an image formation operation and 
moving in an optic-axis topthe 4th lens group 24 has the operation which amends 
the focal operation according to change of the object positionand change of the 
image surface position at the time of variable powerand maintains the image 
surface 27 at a fixed position. 
[0005] 

[Problem(s) to be Solved by the lnvention]Howeverin the above-mentioned 
conventional zoom lensa zoom ratio is only about 10 times the field angle of this 
before and after 60 total field angles in a wide angle end. Thereforeit had the 
problem that the demand of wide-field-angle-izing and high-magnification-izing of 



a zoom ratio to the zoom lens for video cameras in recent years could not be met 
any longer. When it tried to have attained raise in a field angleand high 
magnification-ization of the zoom ratio with the designing method of the 
conventional zoom lensit had the problem that the whole lens was enlarged or 
lens constitution was complicated. 

[0006]This invention is made in order to solve the problem of the above 
conventional examplesand it is a thing. 

The purpose is to provide the highly efficient zoom lens with a long back focus 
which can insert a color separation optical system required for 3 board type video 
camera etc. and the video camera using it which comprised lens number of 
sheets comparable as a conventional examplehaving about 67 field angles and 
about 14 times as many zoom ratios. 

[0007] 

[Means for Solving the ProblemJIn order to attain the above-mentioned purposea 
zoom lens of this inventionThe 1st lens group that had positive refracting power 
and was fixed from the object side to an image surface position of a standard in 
orderThe 2nd lens group that has a variable power operation by moving with 
negative refracting power in an optic-axis topAn aperture diaphragmthe 3rd lens 
group with positive refracting power which is fixed to an image surface position of 
a standard and has a condensing operationThe 4th lens group with positive 
refracting power which moves in an optic-axis top so that a fixed position may be 
maintained for the image surface changed by movement of said 2nd lens group 
and movement of an object from an image surface position of a standard is 
providedThe above (several 1) is satisfied as a focal distance of distance from a 
lens final surface in case image space is air about a focal distance of said i-th 
lens groupand BF in fi (i= 1234) to the image surfacef3df3Cand the 3rd lens 
group [ in / respectively / for f3F / d HneC lineand an F line of a spectrum ]. 
[0008]As for said 3rd lens groupin the above-mentioned compositionit is 
preferred that the 1st [ at least ] page comprised a single lens which is an 



aspheric surface using high distribution glass whose Abbe number is smaller 
than 35. 

[0009]Or in the above-mentioned compositionsaid 3rd lens group is constituted 
by two lenses which comprise a concave lens and a convex lens using glass 
which has an Abbe number smaller than this concave lens relativelyand it is 
preferred that the at least 1st of each fields of these two lenses is an aspheric 
surface. 

[0010]As for said 2nd lens group and said 4th lens groupin each above- 
mentioned compositionit is preferred to have a page [ 1st / at least ] aspheric 
surface respectively. 

[001 1]On the other handa video camera of this invention is provided with the 
following. 

A zoom lens which has either of each above-mentioned composition. 
Color separation optical system. 
Image sensor. 

A signal processing parta signal recording partand an image display. 
[0012] 

[Function]Since it has specified that it fills a conditional expression [ in / for the 
refracting power of each lens group / the above (several 1) ] (1)(2)(3)and (4) 
according to the zoom lens of this invention constituted as mentioned 
aboveThough it is smallhigh-magnification-izing of a zoom ratiowide-field-angle- 
izingand large caliber ratio-ization (make the f number small) are attained. The 
3rd lens group is used as the single lens using the glass whose Abbe number is 
35 or lessOr since the 3rd lens group is constituted from two lenses and it was 
made to fill said conditional expression (5) respectivelyit becomes possible to 
amend the chromatic aberration of magnification which remains without the 
ability of the influence of high-magnification-izing of a zoom ratio to amend by the 
1st and 2nd lens groups by the 4th lens group. As a resultthe video camera using 
the highly efficient long zoom lens and it of the back focus which can insert a 



color separation optical system required for 3 board type video camera etc. which 
comprised lens number of sheets comparable as a conventional example is 
realizable. 

[0013]Said conditional expression (1) specifies the ratio of the refracting power of 
the 1st lens group and the 2nd lens group. This is conditions required in order not 
to make difficult aberration compensation which let the whole system pass for the 
purpose of wide-field-angle-izing of a wide angle endand the miniaturization of 
the whole lenssecuring 14 times which is a required zoom ratio. If a maximum is 
exceededit will become difficult for the refracting power of the 2nd lens group that 
has negative refracting power to become strong too muchand to make the 
PETTSU bar sum of the whole system small. If a minimum is exceededthe 
movable regions of the 2nd lens group will become narrowand reservation of a 
zoom ratio will become difficult. 

[0014]Said conditional expression (2) specifies the refracting power of the 1st 
lens group. This is conditions required to shorten whole length of the 
lenssecuring the required f numberwhen the focal distance f4 of the 4th lens 
group that is an image formation lens is decided based on said conditional 
expression (4). If a maximum is exceededwhole length of the lens will become 
long in vain. When a minimum is exceededit becomes impossible to secure the 
required f number. 

[0015]Said conditional expression (3) specifies the refracting power of the 3rd 
lens group. This is conditions required to perform good aberration 
compensationsecuring a required back focus. Since the lens system through the 
1st2ndand 3rd lens groups will turn into an emission system if a maximum is 
exceededthe effective diameter of the 4th lens group must be enlarged. If a 
minimum is exceededthe convergence degree of the light flux emitted from the 
3rd lens group becomes largein order to secure a required back focusthe 
refracting power of the negative lens of the 4th lens group must be made to 
increaseand it will become difficult to make the PETTSU bar sum of the whole 
system small. 



[0016]Said conditional expression (4) specifies the focal distance of the 4th lens 
group by the length of a back focus to need. If a maximum is exceededthe 
refracting power of the negative lens of the 4th lens group must be increasedand 
it will become difficult to make the PETTSU bar sum small. When a minimum is 
exceededwhole length of the lens is made to increase in vain conjointly with said 
conditional expression (1)(2)and (3). 

[0017]The lens group which generally moves greatly at the time of variable power 
is difficult to amend a chromatic aberration thoroughly for every lens 
groupalthough the chromatic aberration needs to be amended by the lens group 
simple substance, thereforethe axis which remains in the 1st lens group in a tele 
edge - a top tone -- aberration is expanded by the 2nd lens group that is variable 
power parts. In the middle variable power area of a tele edge and a wide angle 
endsince light flux passes along the periphery of the 1st and 2nd lens groupsthe 
chromatic aberration of magnification will remain, if a large zoom ratio is taken - 
the axis in a tele edge -- a top tone - having to amend aberration synthetically by 
the 1st and 2nd lens groupsthe chromatic aberration of magnification becomes 
difficult [ it / to fully amend ] by these lens groups. In such a caseit is possible to 
arrange a lens group so that light flux may pass through the place distant from 
the optic axis of the lens group which is generally in an opposite hand to an 
aperture diaphragm. That isit is fully extending the interval of the 3rd lens group 
and the 4th lens group. If it does sothe 4th lens group will need a bigger effective 
diameterand will check the miniaturization of a zoom lens. Soin the zoom lens of 
this inventionthe interval of the 3rd lens group and the 4th lens group adopted the 
method of negating the chromatic aberration of magnification produced in the 1st 
and 2nd lens groups located in an opposite hand on both sides of a diaphragmby 
not extending but taking out a divergence chromatic aberration with the 4th lens 
group. Herethe chromatic aberration of the same character as the chromatic 
aberration produced in a concave lens simple substancei.e.the character which 
the direction of the light of short wavelength emits further by refractionis meant 
as a divergence chromatic aberration. 



[0018]The single lens using the high distribution glass whose Abbe number is 35 
or less constitutes the 3rd lens group located near a diaphragm position so that 
said conditional expression (5) may be filledOr by constituting the 3rd lens group 
from two lenses so that said conditional expression (5) may be filledthe ** to 
which the chromatic aberration of magnification is not changed to the light flux 
emitted from the 3rd lens group - a convergent axis - a top tone - the 
divergence axis which can give aberration and is generated in the 4th lens group 
- a top tone - aberration is negated and it becomes possible to amend the 
chromatic aberration of magnification synthetically, here - a convergent axis - a 
top tone the axis of the character as the chromatic aberration produced in a 
convex lens simple substance in which aberration is the samei.e.the character 
which the direction of the light of short wavelength converges further by 
refraction- a top tone - aberration is meant, what two lenses are used for in the 
case of the latter - the same quantity of a convergent axis - a top tone in 
order to give aberrationthe kind of glass which can be used increases and the 
degree of option spreads on the restriction and aberration compensation about 
the material on the processing method of an aspheric surface. 
[0019] 

[Example]lt explains in detailreferring to Drawings and a table for the 1st to 5th 
suitable working example of the zoom lens of this invention hereafter. The 1st 
working example is an example which constituted the 3rd lens group with the 
single lens using the high distribution glass whose Abbe number is 35 or less. 
The 2nd to 5th working example is an example which constituted the 3rd lens 
group from two lenses. 

[0020](The 1st working example) The composition of the 1st working example of 
the zoom lens of this invention is shown in drawing 1 . The 1st lens group fixed in 
drawing 1 to the image surface position of a refraction strong-man standard 
positive in G1G2 has negative refracting power and the 2nd movable lens group 
and S an optic-axis top An aperture diaphragmG3 has the 3rd lens group fixed to 



the image surface position of a standard with positive refracting powerand 
refracting power positive in G4and a faceplate and I of the 4th movable lens 
group and G5 are the image surfaces a color separation optical system and G6 
about an optic-axis top. Herein the figurethe color separation optical system G5 
is shown as a glass plate equivalent to the light path length of the optical 
systemalthough it is an optical system which divides light flux into red and the 
green and blue three primary colors. The glass plate of the light path length 
having contained the faceplate of the crystal filter and the image sensoretc. 
shows the faceplate G6. 

[0021]Nextthe composition of each lens grouplens arrangementand operation of 
each lens group are explained. In drawing 1 the 1st lens group G1 is a lens group 
which is constituted by the three lenses G1aG1band Glcand has an image 
formation operation. The lens G1a is a concave meniscus lens which has the 
curvature radius r1r2and the main thickness d1. The lens G1b is a convex lens 
which has the curvature radius r2r3and the main thickness d2. The lens G1a and 
G1b are joined. d3 is the air spacing between the lens G1b and the lens G1c. 
The lens G1c is a convex meniscus lens which has the curvature radius r4r5and 
the main thickness d4. 

A convex is turned to the object side and it is arranged. 

d5 is the air spacing between the 1st lens group G1 and the 2nd lens group G2. 

An interval changes at the time of variable power. 

[0022]The 2nd lens group G2 is a lens group which has a variable power 
operation by being constituted by the three lenses G2aG2band G2crelaying the 
image formed of the 1st lens group Gland moving in an optic-axis top. The lens 
G2a is a concave meniscus lens which has the curvature radius r6r7and the 
main thickness d6. 

The convex is turned to the 1st lens group side. 

67 is the air spacing between the lens G2a and lens G2b. Lens G2bs are an 
aspheric surface of the peak curvature radius r8and a concave lens which has r9 



and the main thickness d8. The lens G2c is a convex lens which has the 
curvature radius r9M0and the main thickness d9. Lens G2b and the lens G2c are 
joined. r1 1 shows the field of the diaphragm S and is a flat surface. d10 extracts 
as the 2nd lens group G2it is the air spacing between S and an interval changes 
at the time of variable power. d1 1 is the air spacing between the diaphragm S 
and 3rd lens group G3. 

[0023]3rd lens group G3 is a lens group which has the operation which relays the 
virtual image which single lens G3a is consisted of and is produced by the 1st 
and 2nd lens groups. Lens G3a has the peak curvature radius r12two aspheric 
surfaces of r13and main thickness d12. When an Abbe number uses the glass of 
25.4 for this lensthe above convergent chromatic aberrations are generated and 
it is useful to amend the chromatic aberration of magnification synthetically. d13 
is the air spacing between 3rd lens group G3 and the 4th lens group G4. 
An interval changes at the time of focusing operation and variable power. 

[0024]The 4th lens group G4 comprises the three lenses G4aG4band G4chas an 
image formation operationand has the operation which moves in an optic-axis top 
at the time of the focusing operation to an objectand variable powerand 
maintains an image surface position at a fixed position. The lens G4a is a 
concave lens which has the curvature radius r14r15and the main thickness d14. 
The lens G4b is a convex lens which has an aspheric surface of the curvature 
radius r15 and the peak radius of curvature r16and the main thickness d15. The 
lens G4a and G4b are joined. d16 is the air spacing between the lens G4b and 
G4c. The lens G4c is a convex lens which has the curvature radius M7r18and 
the main thickness d17. d18 is the air spacing between the 4th lens group G4 
and the color separation optical system G5. 
It changes with movement of the 4th lens group G4. 

r19r20and r21 show each field of the color separation optical system G5 and the 
faceplate G6and these are flat surfaces. d19 and d20 are the spacings of these 
glass plates G5 and G6. 



[0025]Nextabout the 1st working examplethe concrete numerical example is 
shown in (Table 1). 
[0026] 
[Table 1] 




[0027]ln (Table 1)it is a number which shows the lens groups from G1 to G6 
which the number of the 1st row showed from the left to drawing l and several j of 
the 2nd row is a number of each field corresponding to the curvature radius rj 
(from j= 1 to 21) shown in the figure. A refractive index and nu are an Abbe 



number to d line of each lens. [ as opposed to / as opposed to / as opposed to / 
in r shown in the continuing sequence / a curvature radius / in d / a spacing / d 
line of the spectrum of each lens in n ] Aspherical surface shape is defined by the 
following (several 2)and shows the value of the cone constant about each 
aspheric surfaceand each aspheric surface coefficient in (Table 2). In (Table 
2)the number of the 1st row is a surface number item of the aspheric surface 
corresponding to the surface number item of (Table 1) from the left. 
[0028] 
[Equation 2] 
1 



[0029] 
[Table 2] 




[0030]Nextthe spacing which changes with movement of the 2nd lens group G2 
at the time of variable power and movements of the 4th lens group G4 
accompanying it is explained. In drawing 1 the curve shown in the lower part of 
each lens group expresses the locus of each lens group when carrying out 
variable power from a wide angle end to a tele edge. The 1st and 3rd lens groups 
G1 and G3 are fixedand after that3rd lens group G3 is approached with 
movement of the 2nd lens group G2 at firstand the 4th lens group G4 is left 
againand goes. 

[0031]What calculated the concrete numerical value of these spacings that 
change at the time of variable powerthe focal distance of a zoom lensthe f 
numberand a half-field angle about the wide angle endthe standardand the tele 
edge about the object position of 2 m is shown in (Table 3). 1 .65 obtains the f 
numberas for a zoom ratio13.8 is obtainedandas for the field angle67.1 degrees 
is obtained with the total field angle so that clearly from (Table 3). The standard 
said here means the position of the 2nd lens group that becomes one 1 time the 
relay magnification of the image by the 2nd lens group of this. 
[0032] 
[Table 3] 




[0033]The composition of (the 2nd working example)next the 2nd suitable 
working example of the zoom lens of this invention is shown in drawing 2 . 
Explanation of the portion which is common in the 1st working example of the 
above is omittedand the composition is explained only about a different point 
from the 1st working example, each working example of all shown below about 
the operation - since it is the same as that of the 1st working 
exampleexplanation is omitted. 

[0034]ln drawing 2 3rd lens group G3 comprises concave lens G3a which used 
the glass of Abbe number 55.2and convex lens G3b using the glass of Abbe 
number 35.9 sequentially from the diaphragm S sidehas positive refracting 
powerand has the operation which generates a convergent chromatic aberration 
by which the above-mentioned conditions (5) are fulfilled. Concave lens G3a is a 
concave meniscus lens which has an aspheric surface of the peak curvature 
radius r12the curvature radius r13and the main thickness d12. 
The convex is turned to the diaphragm S side. 

Convex lens G3b has the curvature radius r13r14and the main thickness d13. 



These two lens G3a and G3b are joined. d14 is the air spacing between 3rd lens 
group G3 and the 4th lens group G4. 

It changes like the 1st above-mentioned working example at the time of variable 
power and focusing operation. 

In drawing 2 although the composition of the 4th lens group G4 is the same as 
that of the 1st working examplethe surface number item of each field is shifted 
every [ 1 ]. 

[0035]An aspheric surface coefficient is shown for lens constitution in (Table 4) in 
the same form as the above-mentioned ((Table 1 and 2)) about the concrete 
numerical value of the 2nd working example in (Table 5). The interval etc. which 
change at the time of variable power are shown in (Table 6) in the same form as 
the above-mentioned (table 3). 
[0036] 
[Table 4] 



[0037] 
[Table 5] 



a 



[0038] 
[Table 6] 




[0039]The composition of (the 3rd working example)next the 3rd suitable working 
example of the zoom lens of this invention is shown in drawing 3 . Since the 
composition of the 3rd working example shown in drawing 3 is the almost same 
composition as the 2nd working example of the aboveit omits the explanation. 
The concrete numerical value of the 3rd working example is shown in (((Table 
78and 9))). Each of these tables show respectively lens constitutionan aspheric 
surface coefficientthe interval that changes at the time of variable poweretc. like 



the 2nd working example of the above. 
[0040] 

[Table 7] 

a 



[0041] 
[Table 8] 




[0042] 
[Table 9] 




[0043](The 4th working example)next the 4th suitable working example of the 
zoom lens of this invention are shown in drawing 4 . The explanation is omitted 
about the portion which is common in the composition of the 2nd working 
example of the aboveand the composition is explained only about a different 
portion. 

[0044]ln drawing 4 3rd lens group G3 comprises convex lens G3a which used the 
glass of Abbe number 34.0and concave lens G3b using the glass of Abbe 
number 55.5 sequentially from the diaphragm S sidehas positive refracting 



powerand generates the same convergent chromatic aberration as the above- 
mentioned. Convex lens G3a has an aspheric surface of the peak curvature 
radius r12the curvature radius r13and the main thickness d12. Concave lens G3b 
has the curvature radius r13r14and the main thickness d13. These two lens G3a 
and G3b are joined. 

[0045]The concrete numerical value of the 4th working example is shown in. 
(((Table 101 land 12))). Each of these tables show respectively lens 
constitutionan aspheric surface coefficientthe interval that changes at the time of 
variable poweretc. like the 2nd working example of the above. 
[0046] 
[Table 10] 



[0047] 
[Table 11] 




[0048] 
[Table 12] 




[0049](The 5th working example)next the 5th suitable working example of the 
zoom lens of this invention are shown in drawing 5 . The explanation is omitted 
about the portion which is common in the composition of the 2nd working 
example of the aboveand the composition is explained only about a different 
portion. 

[0050]Concave lens G3a for which 3rd lens group G3 used the glass of Abbe 
number 55.2 sequentially from the diaphragm S side in drawing 5 lt differs from 
the 2nd working example in that comprise convex lens G3b using the glass of 



Abbe number 35.9and these two lens G3a and G3b separate air spacingand are 
constituted. Concave lens G3a has an aspheric surface of the peak curvature 
radius r12the curvature radius r13and the main thickness d12. d13 is the air 
spacing of lens G3a and G3b. Convex lens G3b has the curvature radius 
r14r15and the main thickness d14. d15 is the air spacing between 3rd lens group 
G3 and the. 4th lens group G4and the composition which reaches the image 
formation face I is the same as that of the 2nd working example after this. Every 
one number of each field is increasing in drawing 5 . 
[0051 ]The concrete numerical value of the 5th working example is shown in 
(((Table 1314and 15))). Each of these tables show respectively lens 
constitutionan aspheric surface coefficientthe interval that changes at the time of 
variable poweretc. like the 2nd working example of the above. 
[0052] 
[Table 13] 




[0053] 
[Table 14] 



a 



[0054] 
[Table 15] 



[0055]The result of having calculated the value of each formula which gives said 
five conditions about the above five working example is shown in (Table 16). In 
(Table 16)the number of left end sequences shows the number of a conditional 
expressionand the sequence of the right-hand side shows a conditional 
expression. The sequence following it describes the value of a conditional 
expression about each working example. 
[0056] 
[Table 16] 



0 



[0057]The figure of 15 shown in drawing 20 from drawing 6 expresses several 
aberration calculated about 2 m of object distancesrespectively. 
Drawing 8 corresponds to the 1st working example from drawing 6 drawing 1 1 
corresponds to the 2nd working example from drawing 9drawing 14 corresponds 
to the 3rd working example from drawing 12drawing 17 corresponds to the 4th 
working example from drawing 1 S and drawing 20 corresponds to the 5th working 
example from drawing 18 . 

in each figure - (a) - a spherical aberration and a sine conditionand (b) 
astigmatism and (c) a distortion aberration and (d) an axis - a top tone - 
aberration and (e) are the graphs showing the chromatic aberration of 
magnification. A wide angle enda standardand several aberration in a tele edge 
are shown in order from the younger one of a number among three figures 
corresponding to each working example. 

[0058]ln the graph (a) of each figurea horizontal axis is expressed with the 
amount of gaps from the gauss image surface (mm)and a vertical axis expresses 
the pupil incidence quantity of an axial ray with the f number. The curve of a solid 
line expresses the spherical aberration about d line of a spectrumand the curve 
of a dotted line expresses a sine condition. 

[0059]ln the graph (b) of each figureW of a horizontal axis of the amount of gaps 
from the gauss image surface (mm) and a vertical axis is an incidence angle 
(degree) of the chief ray in an entrance pupil position. The curve of a solid line 



expresses a sagittal image surfaceand the curve of a dotted line expresses a 
meridional image surface. 

[0060]ln the graph (c) of each figurea horizontal axis expresses a distortion rate 
(percent) and W of a vertical axis is an incidence angle (degree) of the chief ray 
in an entrance pupil position like [ a vertical axis ] a graph (b). 
[0061]ln the graph (d) of each figurelike a graph (a)a horizontal axis is expressed 
with the amount of gaps from the gauss image surface (mm)and a vertical axis 
expresses the pupil incidence quantity of an axial ray with the f number. As for 
the curve of a dotted linethe curve of a dashed line expresses [ line / whose 
curve of a solid line is a spectrum / d / F line ] an axis top chromatic aberration 
respectively about C line. 

[0062]ln the graph (e) of each figureW of a horizontal axis of the amount of gaps 
from the gauss image surface (mm) and a vertical axis is an incidence angle 
(degree) of the chief ray in an entrance pupil position like a graph (b). Each curve 
expresses the chromatic aberration of magnification respectively about a 
corresponding spectral line as well as a graph (d). 

[0063]Nextthe composition of 3 board type video camera which uses the zoom 
lens of above-mentioned this invention is shown in drawing 21 . In drawing 21 3 
board type video camera of this inventionThe zoom lens 1 1 and the spatial 
frequency filter (crystal filter etc.) 12The three color separation prisms 
13a13band 13c and the three image sensors 14a14band 14cThe signal 
processing part 15 which processes the signal from each image sensorthe signal 
recording part 16 which records a video signal etc. on a recording mediumand 
the image displays 17such as a finder attached to the video cameraare provided. 
It cannot be overemphasized that which zoom lens from the above 1st to the 5th 
working example may be used as the zoom lens 1 land a zoom ratio is high and 
can constitute 3 board type video camera of a wide field angle from a small light 
weight. 
[0064] 

[Effect of the lnvention]As mentioned abovethis invention has prescribed that a 



conditional expression [ in / for the refracting power of each lens group / the 
above (several 1) ] (1)(2)(3)and (4) are filled. 

Thereforethough it is smallhigh-magnification-izing of a zoom ratiowide-field- 
angle-izingand large caliber ratio-ization (make the f number small) are attained. 
The 3rd lens group is used as the single lens using the glass whose Abbe 
number is 35 or lessOr since the 3rd lens group is constituted from two lenses 
and it was made to fill said conditional expression (5) respectivelyit becomes 
possible to amend the chromatic aberration of magnification which remains 
without the ability of the influence of high-magnification-izing of a zoom ratio to 
amend by the 1st and 2nd lens groups by the 4th lens group. As a resultthe video 
camera using the highly efficient long zoom lens and it of the back focus which 
can insert a color separation optical system required for 3 board type video 
camera etc. which comprised lens number of sheets comparable as a 
conventional example is realizable. 

[0065]The field angle of about 1 .6 wide angle end is composed lens number of 
sheets comparable as the formerthough a zoom ratio fills high specification with 
a total field angle about 67 degrees compared with the former [ say / about 14 
times ]and specificallythe f number can realize the highly efficient zoom lens 
which has a long back focus. Though it is highly efficient by the feature of such a 
zoom lens of this inventionrealization of small and lightweight 3 board type video 
camera is possible. 

[0066]The single lens using the high distribution glass whose Abbe number is 35 
or less constitutes the 3rd lens group located near a diaphragm position so that 
said conditional expression (5) may be filledOr by constituting the 3rd lens group 
from two lenses so that said conditional expression (5) may be filledthe ** to 
which the chromatic aberration of magnification is not changed to the light flux 
emitted from the 3rd lens group - a convergent axis - a top tone - the 
divergence axis which can give aberration and is generated in the 4th lens group 
-- a top tone aberration is negated and it becomes possible to amend the 
chromatic aberration of magnification synthetically, here a convergent axis - a 



top tone - the axis of the character as the chromatic aberration produced in a 
convex lens simple substance in which aberration is the samei.e.the character 
which the direction of the light of short wavelength converges further by 
refraction- a top tone - aberration is meant, what two lenses are used for in the 
case of the latter - the same quantity of a convergent axis - a top tone - in 
order to give aberrationthe kind of glass which can be used increases and the 
degree of option spreads on the restriction and aberration compensation about 
the material on the processing method of an aspheric surface. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lineblock diagram of the 1st working example of the zoom lens of 
this invention 

[Drawing 2] The lineblock diagram of the 2nd working example of the zoom lens 
of this invention 

[Drawing 3] The lineblock diagram of the 3rd working example of the zoom lens of 
this invention 

[Drawing 4] The lineblock diagram of the 4th working example of the zoom lens of 
this invention 

[Drawing 5] The lineblock diagram of the 5th working example of the zoom lens of 
this invention 

[Drawing 6] The aberration figure showing several aberration in the wide angle 
end of the zoom lens of the 1st working example 

[Drawing 7] The aberration figure showing several aberration in the standard of 
the zoom lens of the 1st working example 

[Drawing 8] The aberration figure showing several aberration in the tele edge of 
the zoom lens of the 1st working example. 

[Drawing 9] The aberration figure showing several aberration in the wide angle 



end of the zoom lens of the 2nd working example 

[Drawing 10] The aberration figure showing several aberration in the standard of 
the zoom lens of the 2nd working example 

[Drawing 11] The aberration figure showing several aberration in the tele edge of 
the zoom lens of the 2nd working example 

[Drawing 12] The aberration figure showing several aberration in the wide angle 
end of the zoom lens of the 3rd working example 

[Drawing 13] The aberration figure showing several aberration in the standard of 
the zoom lens of the 3rd working example 

[Drawing 14] The aberration figure showing several aberration in the tele edge of 
the zoom lens of the 3rd working example 

[Drawing 15] The aberration figure showing several aberration in the wide angle 
end of the zoom lens of the 4th working example 

[Drawing 16] The aberration figure showing several aberration in the standard of 
the zoom lens of the 4th working example 

[Drawing 17] The aberration figure showing several aberration in the tele edge of 
the zoom lens of the 4th working example 

[Drawing 18] The aberration figure showing several aberration in the wide angle 
end of the zoom lens of the 5th working example 

[Drawing 19] The aberration figure showing several aberration in the standard of 
the zoom lens of the 5th working example 

[Drawing 20] The aberration figure showing several aberration in the tele edge of 
the zoom lens of the 5th working example 

[Drawing 21] The lineblock diagram of the video camera which uses the zoom 
lens of this invention 

[Drawing 22] The lineblock diagram of the conventional zoom lens 
[Description of Notations] 
G1 : The 1st lens group 

G1 a-c : Lens which constitutes the 1st lens group 
G2 : The 2nd lens group 



G2 a-c : Lens which constitutes the 2nd lens group 
G3 : the 3rd lens group 

G3a-c : Lens which constitutes the 3rd lens group 
G4 : The 4th lens group 

G4 a-c : Lens which constitutes the 4th lens group 

G525 : Glass plate equivalent to a color separation optical system 

G61226 : Spatial frequency filter 

S : diaphragm 

I27 : Image formation face 

1 1 : zoom lens 

13 a-c : Prism for color separation 

14 a-c : Image sensor 

15 : signal processing part 

16 : video-signal Records Department 

17 : image display 

21 : the 1st lens group of the conventional zoom lens 

22 : the 2nd lens group of the conventional zoom lens 

23 : the 3rd lens group of the conventional zoom lens 

24 : the 4th lens group of the conventional zoom lens 
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